Abstract Habitat selection is a decision-making process that birds use to select a habitat in which they live. It is crucial for individuals to make the correct choices, because their living space directly affects their fitness. When making settlement decisions, birds are faced with uncertainty about habitat quality. In order to reduce it, they have to acquire information, which makes their world more predictable. Acquisition and use of information about habitat quality is the central part of the habitat selection process. Individuals can acquire information about habitat quality in various ways, e.g., by using own breeding experience (personal information), or by observing behavior and decisions made by other individuals (social information). In this review I briefly described the types of social information which songbirds use to assess the habitat quality. By using unified approach, I evaluated their value and availability for individuals, concluding that simultaneous use of several types of information provide the most effective way to habitat quality assessment. Furthermore, I argued why tits (Paridae) constitute a crucial link in the chain of interspecific social information transfer within songbirds' communication networks throughout the Holarctic and suggested that they may be considered as the keystone cue-providers. Moreover, I evaluated current literature on the artificial-attraction methods and highlighted urgent research needs in context of its practical application in the conservation and management of songbirds populations.
Introduction
When making various decisions, such as where to settle, with whom to breed, and where to forage, individuals are faced with uncertainty every day during the breeding period. In order to reduce this uncertainty they have to acquire information which makes their world more predictable [29, 128, 131] . The more information about an environment they acquire, the better they can adjust their behavior when making decisions [25] . Otherwise, making bad decisions can lead to dramatic results, such as breeding failure or reduced survival [32] . That is why effective acquisition and appropriate use of information is crucial for the adaptation processes [25, 118, 128, 156] and underlies life [60] . Mechanisms of acquiring, using, and sharing information among individuals, thus constitute one of the central concept in modern biology [75, 88, 128, 156] .
Block and Brennan [11] defined habitat selection as: ''Innate and learned behavioral responses of birds that allow them to distinguish among various components of the environment resulting in the disproportional use of environmental conditions (…).'' Undoubtedly, habitat choice affects survival, opportunities to attract a partner, and successful breeding, thus is directly linked with individuals' fitness [11, 22, 27, 85, 100] . Moreover, choices made by each individual have wider implications for the population regulation and viability [11, 32] . In metapopulation, if individuals aggregate in some patches and leave other unoccupied, then the overall probability of metapopulation extinction may increase due to the increased risk of simultaneous extinction of all subpopulations [32] .
Furthermore, using social information may be considered as proximate cause in the evolution of sociality and group living, e.g., coloniality [27, 32] . It is important to understand habitat selection not as an observed pattern of species/individuals distribution, but rather as a hierarchical decision-making process that leads to it. The acquisition and use of information about habitat quality constitute the central part of this complex process [33, 71, 78, 103, 120] .
Songbirds can acquire social information by observing behavior and decisions made by other individuals [25, 29, 32] . In the habitat selection process, this information can be based on the presence of other individuals in a given habitat (location cues) [25, 29] or their breeding success (public information) [25, 29, 152] . Location cues and public information can be obtained both from con-and heterospecifics (e.g., [93, 113, 138, 152] ). There are some interesting parallels between using social information and signaling. In fact, socially acquired information is nothing other than the eavesdropped personal information of other individuals. According to Seppänen et al. [130] and Schmidt et al. [128] this follows a sequence: (i) observation (of information producer by primer observer), (ii) a decision (a change in observer behavior as a result of obtaining information), and (iii) the consequence (an effect of observer' behavior change). Eavesdropping is a welldescribed phenomenon in animal communication studies, however, often considered mainly in context of alarm calls or song contests between males (e.g., [83, 90, 117, 143] ). The phenomenon of using social information in habitat selection process suggests that within communication networks songbirds can share also information about habitat quality. Knowledge about how birds make decisions about where to settle is crucial to understand the general mechanisms of habitat selection process.
The knowledge about how individuals choose their breeding sites is not purely academic, but has a strong influence on how the birds' population should be conserved and managed [1, 3, 158] . The scientists' world needs to understand how birds use their environment in time and space to effectively protect them. By utilizing artificial manipulation of social cues, based on which birds assess habitat quality, researchers are able to attract them into theoretically optimal, but previously unoccupied sites (e.g., [2] ). Therefore, manipulation of social information is considered as a potential highly effective tool in conservation and management ( [3] for review). An interesting field of study is to address the implications arising from the use of social information by species in habitat modeling [17] . Beside purely scientific reasons, species distribution models are commonly used in animal ecology and provide useful tool for wildlife management. By incorporating parameters that result from the use of social information (e.g., clustered distribution) scientists can improve models' predictive ability [17] . Thus, understanding habitat selection may allow us to designate areas for protection more precisely, or predict impact of habitat modification e.g., urbanization on species distribution.
The aim of this review is to summarize knowledge regarding the acquisition and use of social information about habitat quality in the habitat selection process. The article is focused on small songbirds (Passeri), nonetheless many addressed issues can be considered in wider context of social information acquiring and use among other taxa as well. In the first part of this review I describe sources of social information, which songbirds may use to assess habitat quality in the habitat selection process. The second part presents how individuals choose between different types of information and what are the costs and benefits of using social cues and being such cue for other individuals. I also consider some practical aspects of using artificialattraction methods in the conservation of songbirds.
Social Information Use in Habitat Selection Process
When making settlement decisions, birds can acquire information about habitat quality based on direct interactions with the environment, by using trial-and-error strategy [25, 29, 32, 33] . However, in order to make a reliable assessment of the habitat quality, individuals should take into account multiple cues, e.g., vegetation structure, food resources, the presence of parasites, or predation pressure [15, 16, 22, 25, 71, 93] . Direct sampling so much information from several habitat patches can be time-and energy-consuming [3, 21, 33, 93, 97] . Moreover, some of this information may not be available to individuals at the time of the decision-making process, hence it can be impossible to collect them [32, 82, 130] . Using own breeding experience as a form of information and make settlement decisions according to the rule: return to the site where species successfully breed, change it if failed (the so-called ''win stay:lose switch rule'') seems to be more profitable. In fact, many species demonstrate high breeding-site fidelity, if they achieved high reproductive success in a particular place in the previous season [12, 37, 57, 62, 65, 111, 119] . However, information about breeding experience grows as a function of time and is directly related to the age of individuals and number of broods during their life. Moreover, ''win stay:lose switch rule'' leads to a further question-if a given individual decides to ''switch,'' then how do they acquire information about habitat quality to make subsequent settlement decisions?
Instead of personal information (e.g., own experiences or trial-and-error strategy), birds can acquire several types of social information by monitoring behavior and decisions made by other individuals [25, 29, 32] . An important impulse to start research on the use of social information by birds was a paper published by Ward and Zahavi [160] in which they developed ''information-center hypothesis.'' According to this hypothesis, individuals form clusters in order to obtain information about the location of food from other individuals [160] . Nowadays, many studies show that social information is used by birds not only in foraging behavior [25, 98] , but also in many other contexts, e.g., when choosing breeding habitats [25, 29, 98] and nest location [82] , or selecting a partner for reproduction [25, 98] . When making settlement decisions, social information can be acquired in two ways. First, birds can use location cues-the presence of other individuals in a given habitat [25, 29] . Location cues can be acquired both from con-and heterospecifics and are called then conspecific and heterospecific cues, respectively [29, 94, 96, 97, 138, 139] . The second type of social information that can be used by birds in habitat selection process is public information (the socalled habitat copying hypothesis) [13, 27, 33, 151, 152] . In this case, birds use the breeding performance of other individuals as a cue when making settlement decisions [29, 152] . Public information, as well as location cues, can be obtained both from con-and heterospecifics [29, 110, 152] . Below I briefly characterized different types of social information which are used by songbirds when making settlement decisions.
Conspecific Cues
Breeding density in a particular habitat is usually a function determined by its quality [22, 55, 56, 76] . Conspecifics overlap their ecological niches, thus depending on the same resources and the same environmental factors (e.g., predators and parasites) affect their fitness. Hence, birds can use the presence of conspecifics as a cue when making settlement decisions [2, 3, 4, 27, 29, 66, 67, 138, 139, 158] . If birds use conspecific cues, they prefer to settle in habitat patches already occupied, near other individuals. This breeding-site selection strategy was coined by Stamps [137] [138] [139] and defined as conspecific attraction. Stamps [137] [138] [139] studied habitat selection in Bronze Anole (Anolis aeneus) lizards; however, today the vast majority of research on the conspecific attraction refers to birds (e.g., [8, 69, 92, 105, 106, 148, 158] , Table 1 ). The most extreme examples of settling near conspecifics are colonially breeding seabirds. In songbirds, more intuitive will be conspecific avoidance rather than attraction, because individuals usually actively defend their living space. However, conspecific attraction was described also in territorial songbirds (e.g., [3, 84 , 106, 115, 145, 148, 158] ). Conspecific cues are used by songbirds not just in breeding habitat selection process. The Yellow-breasted Chat (Icteria virens) use nocturnal song of conspecifics for choice of stopover habitats during migration [5] . Moreover, acquiring and using conspecific cues in habitat selection is most commonly reported for migratory species. However, also residents, e.g., the Cape Sable Seaside Sparrow (Ammodramus maritimus mirabilis) [154] or Blue Tit (Cyanistes caeruleus) [112] can use the information about the conspecifics' presence when making settlement decisions.
Heterospecific Cues
Birds can use multiple heterospecifics cues as a source of information in habitat selection (e.g., [51, 93, 94, 97, 146] ). The presence of predators in a given habitat negatively affects settlement likelihood by potential preys [45, 54, 87, 99, 147] . Though the competitors' presence may also negatively affect breeding-sites selection due to heterospecific avoidance [64, 86, 93] , however, there is also another possible scenario. If ecological niches of two species overlap significantly, then the presence of one of them in the habitat patch may be the settlement cue for the second [48, 93, 94, 96, 97, 148] . The more their niches overlap, the more they rely on equal resources and similar ecological factors affect their fitness. Paradoxically, the most valuable cue reflecting habitat quality may be, therefore, the presence of the strongest competitors [51, 93, 94, 110, 130] . When using heterospecific cues, birds prefer to settle near species with similar ecological niches. This strategy of selecting breeding sites was coined by Mönkkönen et al. [94] and named heterospecific attraction. Among songbirds, heterospecific attraction has been reported so far only on the examples when migratory species e.g., the Chaffinch (Fringilla coelebs) and the Willow Warbler (Phylloscopus trochilus) use residents, e.g., the Willow Tit (Parus montanus) and the Great Tit (Parus major) as a source of information [51, 93, 94, 146] , Table 2 ). That can be explained due to the fact that migrants have strongly limited opportunities to invest large amounts of time and energy for searching habitats to acquire information about their quality [50, 93, 94, 97] . Residents, on the other hand, remain in breeding areas throughout the year, even if they rarely maintain strict territories outside the breeding season; therefore, they have a lot of time for an accurate assessment of habitat quality [50, 93, 94, 97] . The presence of residents may reflect habitat quality directly (choice that they made) or indirectly, by their different winter survivals (a larger fraction survive in habitats of better quality) [50] . Perhaps the easiest way to acquire information about the density of residents in a given habitat patch is by simple monitoring their physical presence. However, Hromada et al. [72] showed that the Red-backed Shrike (Lanius collurio) use larders of the Great-gray Shrike (Lanius excubitor) as heterospecific cues and that they were attracted to plots with experimentally added larders, even without the physical presence of the Great-gray Shrike individuals on these plots. These results show that at least some songbirds have ability to acquire heterospecific cues also in more complex and sophisticated ways.
Public Information
Another type of social information, that can be used to assess habitat quality, is public information [25, 29, 33, 98, 151, 152] . This term was defined by Valone [150] in c Population: CO-(colonized) attraction to a previously unoccupied sites, ID-(increased density) increase of density on sites with experimental manipulation, NR-(no response) no effect of manipulation, R-birds return in following year after experimental manipulation?-no relevant data given d Breeding success: ND-no difference in breeding success (number of fledglings) between treatment and control sites, IS-increased breeding success (number of fledglings) on treatment sites, S-successful breeding after returning to previously manipulated sites, ?-no relevant data given NB increased density of cue-providers via availability of nest boxes, F increased density of cue-providers via winter feeding, R decreased density of cue-providers by removal, T cue-providers density manipulated by catching with mist-nets and transferring, L manipulated the presence of larders of great-gray shrikes a Response of cue-users in year of experimental manipulation b Relationship between cue-providers density and density of cue-users: P positive, U unimodal, NR no relationship, ?: no relevant data given c Relationship between cue-users breeding success and density of cue-providers: P positive, U unimodal, ?: no relevant data given context of foraging behavior as: ''information about the quality of a patch that can be obtained by observing the foraging success of the other individuals in that patch.'' In habitat selection process, birds can acquire public information by monitoring breeding success of other individuals [13, 26, 27, 29, 33, 98, 151, 152] . Therefore, public information integrates the overall effect of many ecological factors on local reproductive success, thus is more strictly related to the quality than the location itself, which distinguishes it from other types of social information [28, 29, 33, 114, 151] . In case individuals use public information to assess habitat quality, they demonstrate strong fidelity to sites where the neighbors' reproductive success is high [29, 98, 151, 152] , which is the so-called ''habitat copying hypothesis'' [28, 110, 155] ) Such dispersal pattern was observed e.g., in the Collared Flycatcher (Ficedula albicollis) on Gotland [33, 35, 36, 114] and the Yellow-headed Blackbirds (Xantocephalus xantocephalus) [157] . Public information can be obtained by monitoring performance of individuals from the same species as well as by assessing breeding success of individuals from other species with similar niche (e.g., [33, 110] ). Nevertheless, using public information obtained from heterospecifics has not been described for the example of songbirds yet.
Tits-The Keystone Information Providers
The concept of keystone species was proposed by Paine [108, 109] to describe species whose presence in ecosystems is essential to maintain the organization and diversity of entire communities. Woodpeckers, for example, are considered as keystone species in forest ecosystems, because they provide cavities for many secondary cavitynesters, interact with wood-rotting fungi as its dispersalvectors, etc. [153] . So far, the keystone species hypothesis was proposed in the context of e.g., keystone predators, preys, or hosts [91] . There are many documented examples of interspecific social information transfer between tits (Paridae) and other bird species, e.g., in the habitat selection process, risk assessing, or foraging behavior. Below I argue why tits may be considered as the keystone information providers. Tits are widespread songbirds in the Holarctic and occur in many habitats, but mainly inhabit forests and woodlands [68] . As residents, they have a lot of time to thoroughly evaluate the quality of habitat [93, 94, 97] , and their presence in a particular habitat patch reflects its quality directly (choice made by them) or indirectly (different winter survivals) [50] . Thus, they are potentially a valuable source of information about habitat quality for many forest songbirds. Indeed, in studies on heterospecific attraction, in 6 of 7 cases, the cue-providers were resident tits, e.g., Great
Tit, Blue Tit, and Willow Tit ( Table 2) . Among species which use tits as habitat quality indicators are e.g., the Garden Warbler (Sylvia borin), Icterine Warbler (Hippolais icterina), or Lesser Whitethroat (Sylvia curruca) ( Table 2) . Songbirds may use tits as cues in habitat selection process to make decisions at various spatial scales, e.g., in landscape scale, to select habitat patch, or in smaller scale, when choosing the nest location [49] . By making decisions on nest location, songbirds sometimes can even blindly copy tits' decisions [129] . Hence, using tits as cues in habitat selection process may affect spatial distribution of cue-users populations. Experimental studies made in Scandinavia and North America showed that enhanced densities of breeding tits caused numerical response in entire breeding bird communities, e.g., foliage gleaners, migrants, or habitat generalists (Table 2) . Thus, heterospecific attraction in which tits provide information about habitat quality for other species may be considered as one of the main factors that affect songbirds community structure and abundances in forest ecosystems [96] .
Tits as well as many other songbirds produce alarm signals when they detect a potential predator. However, tits' alarm calls constitute perhaps one of the most sophisticated signaling systems about danger yet discovered among songbirds. Templeton et al. [144] showed that acoustic features of the alarm calls produced by Blackcapped Chickadees (Poecile atricapillus) vary with the size of the predator. Then, in playback experiments he demonstrated that chickadees are able to detect this information and adjust mobbing behavior in relation to the degree of threat that a particular predator represent. Such allometry of alarm calls which encode information about threat was also reported on the examples of other tit species, the Carolina Chickadees (Poecile carolinensis) and Tufted Titmouses (Baeolophus bicolor) [24, 133, 136] . In forest communication networks, there are many potential heterospecific eavesdroppers of such signals, especially birds with similar body size to tits, because they are often prey of similar predators [143] . In fact, Templeton and Greene [143] showed that Red-breasted Nuthatches (Sitta canadensis) respond differently to subtle variations of Blackcapped Chickadees alarm calls, thereby are able to correctly interpret information encoded in these signals. Also other studies showed that songbirds may use tits as a source of information about predation risk [46, 73, 104] , thus it is potentially a widespread phenomenon.
Tits are well-known participants of mixed-species foraging aggregations [68] . As in case of habitat selection process and alarm communication networks, in foraging behavior also tits are information providers for other songbirds. Mönkkönen et al. [95] tested whether different songbird species are associated with each other during foraging. He observed that, in comparison with control treatments, more species spent their time foraging when he played back the song of the Willow Tit and suggested that songbirds may use tits to locate the high-quality foraging sites. In deciduous forest of North America, mixed-species foraging flocks are composed of two tit species-Tufted Titmouse and either Carolina Chickadee or Black-capped Chickadee and also several satellite species, e.g., Whitebreasted Nuthatches (Sitta carolinensis) [30, 31] . Tits act as flock leaders, while other species closely follow them and take benefits from this strategy, e.g., decrease their vigilance and spent more time foraging. Moreover, tits may even facilitate forest-boundary crossing by heterospecific flock mates, this increases their access to new habitats and expands their foraging niches breadth [132] .
Many songbirds use tits as a source of social information to make various decisions that are crucial in their live. Based on their presence or behavior, songbirds make decisions on foraging or breeding-sites selection at multiple spatial scales. In alarm communication networks, tits constitute a central link by providing complex alarm signals for other community members. Moreover, in an elegant experiment, Forsman et al. [53] showed that Pied Flycatchers (Ficedula hypoleuca) use information about tits' clutch size to adjust their own investment in offspring. All of these features make tits a crucial link in the chain of interspecific social information transfer, which affects the structure and functioning of breeding birds communities throughout the Holarctic. Therefore, I suggest that they can be considered as the keystone information providers.
When to Use Different Types of Social Information?
When environment varies in time and space, but at least partially in a predictable way, birds may improve settlement decisions by acquiring information about habitat quality [25, 34, 130] . In order to be useful for individuals when they choose breeding sites, information must allow them to evaluate the quality of habitats and thus predict the expected fitness and compare alternative habitat patches [32] . From the individuals perspective two features can describe the information: availability and value [36, 43, 128] . The first one can be defined as its accessibility to individuals [43] and depends on: (1) costs of acquiring, which may be either direct (e.g., exposure to predators), or indirect (loss of time spent on prospecting, which could be used for other activities) [120] ; (2) the time at which the information is present in the environment (e.g., some cues may occur only in short time windows) [43, 128] ; and (3) the perceptual range, that is the capacity to perceive specific cues resulting from the cognitive and sensory abilities of individuals [43] . According to Fletcher and Sieving [43] and Morand-Ferron et al. [98] definitions, the value of information can be described as the difference in fitness between individuals that make decisions based on acquired information over naive one. Therefore, information value can be defined as its ability to reduce uncertainty and improving decisions. Doligez and Boulinier [32] mentioned that it depends on several factors, e.g.: (1) temporal predictability of habitat quality between acquiring and use of information and the result of a decision taken based on it; (2) its reliability, therefore, the risk of being deceived by information producer; (3) degree to which the cue variability reflects environmental variation (covariation between the cue and environment); and (4) degree to which the cue is related to fitness. In breeding-sites selection strategies, birds use various types of information (e.g., personal information, public information, etc.), that are characterized by a different value and availability. Therefore, according to the definition proposed by Fletcher and Sieving [43] , ''the likelihood of information being used is a function of its perceived value, conditional on the availability of information to an individual.'' Location Cues-A Trade-off Between Value and Availability Information about location of other individuals (both, conand heterospecifics) can be acquired easily and at low cost [3, 36, 138] , because they are available both prior to breeding (thus, prior to obtaining personal information) and in post-breeding time [3, 130] . Therefore, this type of information can be used in the year of its acquirement, as well as to select the future breeding sites. Songbirds can assess location of other individuals using vocal (singing behavior) or visual (direct observation of other individuals) cues. The ability to locate other individuals will depend on the perceptual range i.e., the distance from which individual can recognize specific cues. It is a well-studied subject in bioacoustics and now there is no doubt that birds use e.g., song degradation as a cue when assessing distance between individuals (ranging hypothesis) [89, 101, 102] . Typically, location cues are characterized by the relatively high availability and their value will depend primarily on their relationship with individuals' fitness. Usually, habitat quality is better reflected by the reproductive success of individuals which breed in it than their density ( [22, 36, 76] ; Fuller 20) . The performance-based types of information (personal and public information) can better predict fitness of individuals, and thus have a greater value. However, information about the occurrence of individuals in a particular habitat also reflects its quality to some extent, and may be obtained at a lower cost [34, 36, 76, 97] . The greater niches overlap between species, the more valuable cues they are to each other. Thus, it might seem that conspecifics are always better sources of information than individuals of other species, because they have perfect niche overlap. However, Seppänen et al. [130] suggested a more probable mechanism. According to his study, if the information from con-and heterospecifics is similar, then the knowledge acquired from heterospecifics is more valuable. This is because settling near heterospecifics, which occupy slightly different niches, leads to lower costs of competition [130] . Habitat selection, based on location cues, suggest positive density-dependence effect, although settling near other individuals (both con-and heterospecifics) in a particular habitat patch may be beneficial only to some threshold value of individuals' density. When this value is exceeded, competition costs are too high and individuals will benefit from avoiding settling in this habitat patch [34, 66] . Location cues value depends also on their reliability. It is assumed in the literature that social information is not intentionally produced so its worth should be more reliable [29] . This assumption seems to be true for public information, because individuals perform as well as possible, in the current environmental conditions. However, it may be incorrect in case of location cues, when birds use the singing activity of individuals to assess density of local population. Males of many songbirds have a repertoire of different song types which they use, instead of singing one version of their species song [20] . If males sing different songs in various places of their territories, then immigrants can overestimate the assessment of their density [80, 81] . For instance, an individual that sings 5 different songs may appear to another individual as 5 different birds. This phenomenon is known as the ''Beau Geste hypothesis,'' proposed as one of the causes for the evolution of song repertoires. Krebs [80] suggested that: ''(…) repertoires are used by resident birds to increase the apparent density of singing residents, and hence decrease the apparent suitability of the area to new birds.'' Then, Krebs et al. [81] performed a speaker replacement experiment to test this hypothesis. He removed males of the Great Tit from a small wood and divided study area into three subareas. On one of them, he played back a repertoire of Great Tit' song types, while the second subarea was defended by a single song type and the third was designed as a control silent area. The results provided evidence supporting the Beau Geste hypothesis, because immigrants almost immediately occupied the control area, then the single song-type area, while the subarea defended by a repertoire of song types was occupied last of all. These results have also wider implications for using social information in habitat selection process, because breeding density of tits is also a well-known location cue for many migrant songbirds [52, 94, 146] . Thus, there are some theoretical costs of being deceived when using location cues based on singing behavior of information producers. In such cases, overestimated assessment of population density is equivalent to the overestimated assessment of habitat quality, and may lead to settling in poorer habitats.
Public Information-High Value Limited by Low Availability
When individuals nest close to each other, e.g., in breeding colonies, information about the reproductive success of neighbors is readily available (e.g., [27] ). However, noncolonial songbirds also use public information when making settlement decisions, including cavity-nesting birds (e.g., [33, 36, 114] ). These individuals may assess the breeding success of others directly by nest inspection [47, 53] and indirectly, e.g., observing parental activity [35, 114] . Both strategies require thorough research, thus are time-and energy-consuming [36] . However, availability of public information may depend on the age of individuals, e.g., juveniles may have more limited access to public information than adults [36, 112] , as well as can be inter-patch constrained [33] . The information about the location of individuals (location cues) is available throughout the breeding season, but their reproductive success can usually be assessed only in particular time windows [14, 128] . However, public information is based on performance of other individuals, and thus integrates the influence of all ecological factors on their fitness [34] , therefore, it has a high value in assessing the quality of breeding habitats. Recent studies suggest that songbirds use public information with one-season delay, i.e., information obtained in year T is used to make settlement decisions in year T ? 1 [33, 36, 157] . Nonetheless, this information may probably be used also in the year of its acquirement, e.g., in the second or even the first breeding attempt, if it was acquired from heterospecifics which start to breed sufficiently in advance.
Summarizing, performance-based types of information seem to have a greater value than the location cues, because reproductive success of individuals better reflects habitat quality than the density of the population [22, 36, 56, 76] . However, both personal and public information is more difficult to acquire than conspecific and heterospecific cues. The choice of a particular information type, which is used by individuals when making settlement decision, is a trade-off between its value and availability [36, 43, 59, 142] . Different models provide different results of this trade-off, depending on the initial input assumptions [13, 23, 39, 97, 126, 127, 130] . Using nonsocial vs. social information is often considered as a dichotomous process [122] . This assumption may be true for young individuals, which must often rely on location cues, because they have no own breeding experience and do not have access to public information (e.g., [36, 112] ). Adult individuals, on the other hand, may combine different types of information and use it simultaneously. For example, they can use one of the performance-based types of information and update this information when making decisions in the next year using the readily available location cues. Indeed, research conducted by Parejo et al. [112] revealed that decisions about the dispersion of adult Blue Tits were dependent on their own breeding experience, public information, and location cues. In another study, adult Collared Flycatchers simultaneously used public information and conspecific cues, while yearlings made decisions based solely on conspecific cues [36] . Combining multiple types of information about habitat quality exhibits some parallels with using multimodal signals, i.e., signals that compose of two or more sensory modalities [63, 116, 124] . Although the function of multimodal signals in animal communication is not well understood, some authors suggested that each modality may serve to enhance the accuracy with which receivers assess a particular signal [19, 70, 77, 116] . Perhaps, by combining different types of information about habitat quality in habitat selection process, songbirds may be able to reduce uncertainty to a greater extent, which allows them to make more appropriate decisions about where to settle. However, the simultaneous use of several types of information in habitat quality assessment by songbirds is relatively unexplored field of research, thus we do not know much about this phenomenon.
Evaluating the Outcome of Cue-Providers and Cue-Users Interactions
Selecting breeding habitats based on social information is directly related with intra-and interspecific interactions. In these interactions two sides are involved: cue-users (individuals, which make decisions based on social cues) and cue-providers (individuals which are cues for other). Danchin et al. [29] mentioned that these interactions may be: (1) parasitism, when the cue-user gains benefits at the cue-provider' costs; (2) commensalism, when the cue-user benefits and succeeds the cue-provider the interaction is neutral; and (3) mutualism, when both sides succeed.
Cost and Benefits for Cue-Users
Social information can be obtained more quickly and at lower expense of energy than personal information [13, 34, 39, 59, 93, 97, 130, 138] . Hence, using it in the habitat selection process can improve the effectiveness of cueusers settlement decisions [29, 93, 98, 138] . Forsman et al. [49] showed that the Pied Flycatchers, which use the Great Tits as the heterospecific cues, settled and started breeding quicker on plots which densities of Great Tit were experimentally increased. Thus, social information allows to make settlement decisions more rapidly, than e.g., direct sampling of habitat quality by trial-and-error strategy [49] . Moreover, conspecific attraction leads to aggregated distribution of individuals' territories. By nesting in such aggregations, socially monogamous songbirds may increase their chances of obtaining extra-pair copulations, according to the ''hidden-lek hypothesis'', which is supported by studies conducted on the Least Flycatchers (Empidonax minimus) [140, 141] . Territories' aggregations may also provide protection against predators [3, 93, 138] in at least three different ways: (1) according to the ''dilution effect hypothesis'' [149] , the more individuals in a limited space, the lower the risk of predation per capita; (2) a group of individuals can more rapidly detect the potential risk from predators than a single individual (''many eyes'' or ''group vigilance'' hypothesis) [3, 123, 135, 138] ; (3) individuals may use heterospecifics as a ''protective umbrella,'' such as Bramblings (Fringilla montifringilla) and Redwings (Turdus iliacus), which are attracted to colonies of Fieldfare (Turdus pilaris) and benefit of communal defense against nest predators [134] . However, cue-users are faced also with some costs associated with the use of social information in habitat selection process, e.g., breeding clusters may facilitate localization of preys by predators [3, 74, 79] . Moreover, not all males may gain from nesting in the aggregations, and for some of them (e.g., subdominant males) it may be advantageous to avoid settling in groups with dominant males [3, 44, 61] . For cue-users, there is also a risk that blindly copying the decisions of other individuals will trigger an informational cascade [10, 59] , which was originally described by economists in the context of decision-making process as blindly following choices made by others, without reference to the personal information [10] . In most cases, informational cascades refer to the correct decision, however can critically affect the initial stage of the habitat selection process [10, 59] , if cue-users receive incorrect information at the time of choosing breeding sites, this may lead to their settling in poor habitats. In playback experiments, Rieucau and Giraldeau [122] reversed natural positive correlation between habitat quality and population density by providing location cues in suboptimal habitats. As a result of blindly trusting the social cues, inexperienced Nelson's Sparrows (Ammodramus nelsoni) and Bobolinks (Dolichonyx oryzivorus) were attracted to experimental plots and settled in poor habitats where they normally do not occur. Therefore, there exist some hypothetical costs for cue-users resulting from incorrect use of social information.
Cost and Benefits for Cue-Providers
The cost and benefits of being a cue for other individuals are poorly understood, because until now researchers have focused on it rather in the context of cue-users [3, 13, 34, 39, 94, 97, 130, 138] . It seems that in conspecific attraction cue-users and cue-providers share them equally, except the benefits of the quicker and less costly assessment of habitat quality by cue-users. However, if we consider the situation of migrant species in which early-arriving individuals use e.g., heterospecific cues and simultaneously they provide location cues for conspecifics that arrive later, then they are both cue-users and cue-providers. In this scenario, such individuals also may gain benefits from quicker and less costly habitat quality assessment due to involving another side of interaction. Until today, heterospecific attraction was described for many migrants which use residents as a source of social information (e.g., [93, 96, 97, 148] ). It is possible that early-arriving birds rely on heterospecific cues and simultaneously become cues for some individuals of their own species that arrive later and use conspecific cues to make settlement decisions. However, due to lack of appropriate data, this scenario remains theoretical and requires field studies. If birds use conspecific cues and cluster territories, then cue-users and cue-providers share the same cost and benefits associated with reproduction. Still it is very unlikely that heterospecific cue-providers increase the opportunity to find a female or to obtain extrapair copulations among individuals which use them [94] . Thus, aggregations formed as a result of heterospecific attraction probably do not provide benefits in terms of reproduction for any of the interaction' sides. As the most valuable cues seem to be individuals with very similar niches [51, 93, 94, 110, 130] , cue-users and cue-providers often fall victim of the same predators. Therefore, in context of predation, cost and benefits resulting from the clustering distribution of individuals seem to be equal for cue-users and cue-providers regardless of the mechanism which leads to territories aggregation. However, when cueproviders are tracked by singing activity we should also consider the costs of vocalization which they pay. Some studies suggest that song production may not be a very energy-intensive process [107, 159] . However, singing males pay another cost of their activity, e.g., during singing they are exposed to heat loss, or when they sing while sitting on exposed perch, they are easy to locate by predators [159] . Furthermore, when conspecific males are clustered in close proximity to each other, there is a possibility that they will increase the overall amount or rate of singing, due to increased intrasexual competition. This may lead to reduction of the overall amount of time that they can spend on activities other than singing, e.g., foraging [20, 121] .
Apart from theoretical considerations, lack of empirical data does not allow an accurate evaluation of the outcome of cue-providers and cue-users interactions. In fact, there is only one example that presents how being a cue-provider or cue-user affects fitness. Forsman et al. [50] in his study near Oulu (northern Finland) experimentally manipulated the location of nest boxes for Great Tits (cue-providers) and Pied Flycatchers (cue-users), in such way that they nested alone or close to each other. These tits which nested near flycatchers had fewer chicks and they were in poorer condition. Results of other studies, conducted in the same area showed that flycatchers gain benefits from using tits as settlement cues due to quicker selection of breeding habitats [49] . Flycatchers' benefits are also associated with their breeding success, because individuals which nested close to tits had larger clutches and heavier chicks [49] . Thus, it is a parasitic interaction, in which cue-user gain benefits (reduction in time spent searching for nesting sites and better performance), while cue-providers suffer as a result of fitness reduction. Sometimes in theoretical models, conspecific attraction is considered as an information parasitic strategy (e.g., [34] ). It is very likely that these interactions are locally specific and that their outcome may vary from parasitism to mutualism depending on local environmental conditions. However, we still do not have adequate data from field studies to accurately assess this outcome.
If the nature of interactions between cue-users and cueproviders is to be understood, the scientists need to start investigating the economy of using social information in habitat selection process [122] . Especially, in case of empirical data about cost and benefits not only from the perspective of cue-user, but also from the perspective of individuals which are cues for other.
Artificial-Attraction Methods for Conservation and Management

State of Knowledge
It is often assumed that if the birds habitats are provided with an appropriate structure, they will find it and settle. This ''if you build it, they will come'' rule is the so-called ''the Field of Dreams hypothesis'' [1] . If a species make settlement decisions based on structural cues, then this rule can be used in conservation of its population. However, as described in the previous sections of this review, birds can choose breeding sites in many different ways, e.g., based on social information, instead of direct sampling of habitat patches. In such situations the researchers have to provide for individuals both appropriate habitat structure as well as the social environment which induce settlement in this habitat [1] . Even good-quality habitat may be unoccupied if it lacks settlement cues, based on which birds may assess its quality [6, 58] . This happens due to perceptual errors that lead to an underestimation of the actual habitat resources [58] . Therefore, with the same enthusiasm scientists should protect habitat structure, as well as sources of information that allow birds to assess their quality and make decisions.
Manipulation of social information is considered as a potentially useful tool in the conservation of songbirds [3, 7, 38, 67, 125, 158] . Especially great potential may have manipulation of location cues, because of the easy application and low cost of this method. Ahlering et al. [3] reviewed papers on conspecific attraction in context of conservation of migratory songbirds. Yet this review extends it with recently published papers and focuses only on research with use of experimental approach (the correlative studies are excluded) ( Table 1) . Heterospecific cues can also be easily simulated in the environment [93] , thus may be a potential tool in conservation biology as well. The review of heterospecific attraction in song birds' research is evaluated in Table 2 . As in the case of conspecific attraction, only experimental studies were considered, because they represent a form of active protection methods and are suggested, in literature, as potentially highly effective tool in conservation biology.
So far, the results of 21 experiments on conspecific attraction for the 13 species of songbirds were published (Table 1 ). In 14 experiments birds were attracted to simulated cues and in 7 of them they colonized previously unoccupied sites (Table 1) . Among the 13 species of songbirds for which the experiments were performed, only 3 species i.e., the American Redstart (Setophaga ruticilla), the Black-throated Blue Warbler (Dendroica caerulescens), and the Least Flycatcher were studied in more than one location (Table 1 ). In studies on the Least Flycatcher and the Black-throated Blue Warbler, researchers obtained different results depending on where the experiments were performed (Table 1 ). These inconsistencies demonstrate that in different locations in the range of distribution, the same species may use various strategies to decide where to settle, which has significant implications for conservation. Although using conspecific cues have been described in several species of songbirds, we do not know how widespread this phenomenon is, because most studies on conspecific attraction were performed in USA and only one paper relates to research conducted in Europe (Table 1) . Hence, we need more research to accurately determine in how many species artificial simulation of conspecific cues can be considered as a conservation method.
Using heterospecific cues to make settlement decisions was tested for many songbird species (Table 2) . However, in most cases researchers measured numerical response for entire groups (e.g., migrants, ground foragers, etc.), rather than for single species. Hence, it is impossible to compare the number of species tested with experiments on con-and heterospecific attraction. In most studies (9 out of 13), researchers demonstrated positive relationship between manipulated density of residents and species or group of species expected to use them as settlement cues (Table 2) . Although a positive numerical response to the experimental manipulation was shown for entire breeding communities, we do not know how widespread is using heterospecific cues by songbirds. This is because the vast majority of studies were conducted only in Europe, mainly in Sweden and Finland (Table 2) . Hence, more research is needed to actually assess which species, where, and under what environmental conditions make settlement decisions based on heterospecific cues.
Breeding Success, Non-Target Effects, and Long-Term Effects: Urgent Research Needs for Conservation and Management
If the manipulation of location cues should be an effective tool in conservation and management, birds have to not only settle in a particular habitat patch, but also successfully breed and return to it in the following year. Unfortunately, little is known about the breeding success and site fidelity after the cessation of manipulation in birds, which were experimentally tested for the use of location cues. Considering experiments on both con-and heterospecific attraction, results about reproductive success of individuals were reported in only 6 cases and are inconsistent (Table 1, 2). Moreover, Betts et al. [8] provided some alarming results, showed that by using manipulation of social cues scientists are able to introduce birds to the suboptimal habitat patches where they normally do not occur. If birds will be attracted to such habitat patches, we can expect that their breeding success will be lower than if they do not respond to manipulation. Thus, artificial-attraction methods provide a risk of creating ecological traps, in which songbird populations will not be able to function [6] . Moreover, an important issue is the effect of these methods on other community members [3] . There are only two experiments' results available, in which researchers investigated these non-target effects when using artificialattraction methods. Betts et al. [9] described that the Blackthroated Blue Warblers settled in previously unoccupied habitat patches in response to playback manipulation, and this resulted in the abandonment of this habitat for 3 of the 4 other species for which changes in abundance were analyzed. By providing the Least Flycatcher' vocal cues on selected plots, Fletcher [41] showed that this manipulation reduced species richness of migratory birds, e.g., the Song Sparrow (Melospiza melodia), American Goldfinch (Carduelis tristis), and Northern Waterthrush (Seiurus noveboracensis) by *30 %. Considering the results of these two studies, there is a reasonable risk that manipulation of social cues may involve some non-target effects, e.g., general decline in species diversity on experimental plots due to interspecific avoidance. Furthermore, Fletcher [41] and Betts et al. [9] studied only numerical response of nontarget species on playback experiments. However, we cannot exclude the possibility that some species did not decline in numbers (or decline slightly), but had a lower breeding success, e.g., due to increased competition. Then, assessing only numerical response may not reveal some negative effects of artificial-attraction methods on other species. Hence, in addition to assessing breeding success of cue-users, it is important to take into account the complex impact of artificial-attraction methods on other species in the community.
Simulation of location cues should be a self-reinforcing mechanism. This means that birds should be attracted to habitat patches with artificial cues, breed there successfully, and return to these patches in subsequent years, after the cessation of manipulation. Theoretically, successfully breeding individuals, which initially selected habitat patch based on location cues, may reverse their strategy and decide where to settle according to the win-stay:loseswitch rule (e.g., [119] ) in the next seasons. However, due to lack of empirical data, we do not know how artificialattraction methods affect subsequent settlement decisions. In fact, only in the case of the Black-capped Vireo (Vireo atricapilla) which use conspecific cues, Ward and Schlossberg [158] described that birds return to previously manipulated sites and breed successfully (Table 1) . Such long-term effect of location cues manipulation was not studied in the rest of experiments on conspecific as well as in any study on heterospecific attraction. Manipulation of resident densities has to be permanent between seasons, if this method is to be considered for the conservation of migratory songbirds. Assuming that provisioning of nest boxes and feeders is sufficient to hold stable densities of residents between breeding seasons (e.g., [146] ), this effect can be sustained and achieved at low cost. However, if a stable residents' density requires removal of some individuals or their translocation among habitat patches (e.g., [94] ), then this method may be expensive and difficult to implement, thus impractical for conservation and management.
Artificial-attraction methods should provide an opportunity for successful breeding for individuals and initiate the preference of this patch in the following years. Furthermore, it should not cause any negative non-target effects on the other community members. Without knowledge about reproductive success of cue-users, permanence of attraction and its effect on the other species, applying artificial-attraction methods in conservation is just a more sophisticated form of ''Field of Dreams'' rule.
How to Use Artificial-Attraction Methods in Practice?
Sometimes conservation cannot wait for science, because populations of many songbird species decline rapidly and highly effective methods to protect are in need [3] . Six things are crucial to consider, if manipulation of social information is planned to be used in conservation and management. (1) Target species: consider whether the species has features which may suggest that it is a potential cue-user. Ahlering et al. [3] described clues, which may suggest that particular species use conspecific cues (see Table 2 in [3] ), e.g., migratory behavior, short breeding season, and aggregated distribution. However, similar features should characterize species that potentially use heterospecific cues as well. (2) Habitat preferences: recognize precisely the habitat requirements and preferences (e.g., vegetation type, minimal required patch area) of target species, before using manipulation of social cues to minimize the risk of unintentional creation of ecological traps. (3) Type of simulated cues: consider what kind of manipulation will be appropriate for a given species, whether you need to use playback and/or decoys. Timing of cue simulation (pre and/or post-breeding) should also be taken into account [3, 125] , as well as technical characteristics of played back recordings [3, 154] . In songbirds with high geographical variation in song structure (e.g., song dialects) only recordings from local subpopulations should be used for playback simulations. (4) Short-time effect: assess not only numerical response on artificial cues, but also reproductive success of individuals [3] . This allows avoiding accidental creation of ecological traps in which populations cannot survive. (5) Long-time effect: monitor population abundance and individuals' breeding success after the cessation of manipulation. (6) Non-target effects: use artificial-attraction methods carefully and evaluate the effects of providing social cues on non-target species in community [3, 9, 41] . When using artificialattraction methods to conserve one species, researchers cannot lead to a decline in overall species diversity.
Conclusions
Habitat selection is a hierarchical decision-making process, in which acquiring and using information about habitat quality allows birds to reduce uncertainty. This knowledge may be obtained in various ways, e.g., by own experience or monitoring others' behavior. Wrong decisions may lead to dramatic consequences; therefore, birds have to constantly update the acquired information. Obtaining, using, updating, and sharing of information among individuals or species constitute the central element of habitat selection process. However, despite popularity of birds' habitat selection studies, still many fundamental mechanisms of these processes remain unexplained.
Below 5 areas of research are mentioned (except the applicative aspects described in the previous section), which in my opinion require more researchers' attention and further development. (1) Prevalence of the use of social information in habitat selection process-more data on how songbirds use different sources of social information when selecting habitat is needed. Especially valuable are studies on the same species but in different environmental conditions, i.e., in various locations within its breeding range. (2) Use of social information during migration-so far research on social information use focused primarily on making decisions on the breeding grounds. During migration, songbirds have to choose stopover sites and finally a wintering habitat. The role of social information in this process remains unknown (but see [5] ). (3) Evaluation of the outcome of cue-providers and cue-users interactions-until now due to lack of data it is not possible to clearly assess whether these interactions are mutualistic, parasitic, or commensalistic and how the outcome of these interactions is affected by environmental conditions. To understand the nature of these interactions, an investigation of the economy of using social information in habitat selection process is needed. (4) Mechanisms of simultaneous use of different sources of information by the same individuals-some studies show that birds are able to use various sources of information simultaneously when making settlement decisions (e.g., [37, 112] ). However, the researchers do not know how different types of information are combined with each other, e.g., what happens when individuals' own experience and social information are contradictory? (5) Relationship between frequency of extra-pair copulations and using the performance-based types of informationrecently, Campomizzi et al. [18] suggested that in the case of species with frequent extra-pair copulations, individuals in nearby territories acquire information about own, rather than neighbors' breeding success. Thus, they may gather personal, not public information as previously thought. Perhaps, all published examples of the use of public information should be reconsidered in regard to frequency of extra-pair copulations in a particular species. Moreover, this hypothesis leads to intriguing question [18] : because copulations may not result in fertilizations, what cue is used by individuals to assess their reproductive success from extrapair copulations?
The role of this review was to summarize some aspects of the habitat selection process in songbirds, considering it as a decision-making process in which the key role is played by information. During their life, individuals every day are faced with uncertainty. To effectively reduce it, they have to acquire information, which makes their world more predictable and allows making appropriate decisions.
The phenomenon of acquiring, using, updating, and sharing information by individuals constitutes a fascinating field of research in which a number of key questions still remains unanswered. If this review reduced the uncertainty about how the scientists' world understands and perceives the habitat selection process in songbirds, there might be a chance to finally untangle this phenomenon.
